Abstract. This article is a crit ique on the paper 'Spatial characterization of long-term hydrological change in the Arkavathy watershed adjacent to Bangalore, India', by Penny et al. (2018), published in the journal of Hydro logy and Earth System Sciences (volu me 22, issue number 1). The article h ighlights choice of inappropriate methodology and faulty assumptions by 10 the authors for analysing the watershed scale hydrological changes, generating misleading results and inferences.
the approach, methodology and findings of those studies if they find them to be lacking in any way, is poor scholarship on the part of the authors.
Wrong unit of analysis
Fro m the discussions presented in the previous sections, it is clear that there is no dearth of reliable official data on hydrometeorology and groundwater for Arkavathy watershed and since it is available for a long time period, various agencies are 5 monitoring and managing data well. Strangely, to assess the hydrological changes, Penny et al. (2018) have considered changes in water spread area in the tanks where inflows are not gauged and not the large reservoirs in the watershed of where inflows are gauged, the reason being that reservoirs are actively managed for p roviding water for urban and agricultural uses.
However, the whole purpose of using this approach was to identify changes in tank water extent which can be attributed to changes in tank inflows. Authors have used volumetric water balance equation for estimat ing the tank inflows (equation 1 on 10 page 600 in Penny et al., 2018) .
If the aim of the authors was to analyse the hydrological changes due to changes in land use, the reservoirs which are gauged and for which reliab le data on inflows are available would have been a much better choice. A mass balance equation could have been used to estimate the actual inflows based on data on change in storage and outflows at different time intervals as data on rainfall at the reservoir s ite, releases fro m the dam, water losses and reservoir water level are availab le with the water 15 resources department of the state. This data is also available in dig itised form with the Karnataka State WDC, wh ich is operated by Water Resources Department, Govern ment of Karnataka for surface water and Groundwater Directorate, Karnataka for groundwater (Table 1) . Thus use of tanks, which are un-gauged, as a unit of analysis has actually adversely affected the confidence level of the model outputs and increased the uncertainty in the results as the tank water spread area may not be an accurate representation 20 of the hydrological alterations happening in the watershed caused by land use changes and other factors, due to the reason that many complex factors (infiltration and evaporation) over and above the inflows affect the water spread area.
Faulty assumptions and inferences
Some assumptions and inferences in the paper by Penny et al. (2018) are a litt le hard to co mprehend. A few of them are discussed herewith. First, a water balance equation is used to estimate the inflow into the ungauged tanks. For this, it is 25 assumed that the init ial storage in the tank is zero. However, the aerial photo provided in the paper shows that there is wat er in the tank before the onset of the first runoff event.
Second, the authors have assumed outflows fro m the tank to be negligible. This is based on observations on a few tanks and may be true for years with lo w rainfall. In years with normal and high rainfall, tanks will have overflow which usually enters the downstream tank in cascade, a common occurrence in southern India. In Arkavathy watershed, there is very high inter -30 annual variability in rainfall. The rainfall can be as high as 1400 mm against an average rainfall of about 800mm (Fig. 2) . Third, the authors state that there is no significant spatial variat ion in rainfall at the watershed scale and for this they seem to have used rain gauging data for several locations. This is false as the average annual rainfall for 15 years (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) in Arkavathy watershed, using India Meteorological Depart ment (IMD) gridded rainfall data sets, shows significant spatial as well as temporal variation (Fig. 2) .
Fourth, authors have mentioned that only limited data exists to describe historical declines in the groundwater table. This is 5 also false and as was mentioned earlier, CGWB alone monitors about 50 observations wells in the area co mprising Arkavathy watershed.
Poor understanding of groundwater behaviour
The authors have entrusted full faith in the data collected from farmers to make an assessment on the groundwater levels in the basin. Our contention is that farmers' data might be useful to understand the socio -economic aspects of local 10 groundwater use but certainly not for making in ferences about groundwater behaviour at the local or regional scale. Based on bore well data collected fro m farmers in a v illage, Penny et al. (2018) inferred that the groundwater level in Arkavathy watershed is declining. Th is is a very sweeping inference as groundwater behaviour in hard rock fo rmations (as in Arkavathy watershed) is a comp lex phenomenon. The water level in dug wells tapping weathered (unconfined) zone might not represent the regional ground water level if the rate of pu mping is higher than the rate of recuperation of well. Thus, for the purpose of 15 understanding the groundwater balance due to rainfall and abstraction, the water levels for measurement must essentially be the static water levels (as monitored by CGWB) and not any other dynamic water levels (as encountered in wells wh ich are regularly pumped by farmers).
Contrary to the findings of Penny et al. (2018) , the data of observation wells installed by CGWB that monitor groundwater level in the basin indicate that the ground water fluctuation due to draft is positive in a major part of Cauvery middle sub -20 basin where Arkavathy lies. Analysis of long term trend in ground water levels using wells spread across Arkavathy watershed indicate that a higher proportion of observation wells recorded rise in water levels over the 20-year period (Fig.   3) . The rising water level trend is likely to be in wells located downstream of urban centres like Bengaluru which receive its wastewater because of negative gradient with respect to surface water bodies. During non-monsoon months, most of the inflows received by stream passing through Indian cities are wastewater. If the quantum o f the flow leads to higher hydraulic 25 head in the stream than in the groundwater system, it can result in flo w of surfac e water to the aquifers and thus rise in groundwater levels. Jamwal et al. (2015) estimated that about 600 thousand cubic metres per day of wastewater flows fro m Bangalore city to Byramangala reservoir (downstream) in Arkavathy basin.
Conclusion
Surface water and groundwater interactions in river basins are quite complex and need good understanding of hydrology 30 (rainfall, runoff) and geo-hydrology (groundwater level trends) and also the hydrological stresses (surface water diversion and groundwater draft) in the basin, to exp lain the cause-effect linkages scientifically (Ku mar, 2010 Srinivasan, V., Tho mpson, S., Madhyastha, K., Penny, G., Jeremiah, K. & Lele, S.: Why is the Arkavathy River drying? A multiple-hypothesis approach in a data-scarce region, Hydrology and Earth System Sciences, 19, 1905 Sciences, 19, -1917 Sciences, 19, , 2015 Hydrol. Earth Syst. Sci. Discuss., https://doi.org/10.5194/hess-2018-187 Manuscript under review for journal Hydrol. Earth Syst. Sci. 
